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arisen from a consideration of the principles of the steam-
engine, in the perspective of suggestions from the inventor
of balloons. Montgolfier made his balloons rise by heating
the air inside them. Apart from the ideas of the indestructi-
bility of force inspired by the hydraulic ram, he might have
guessed that heat could be converted into work from the
particularly direct relation between the lifting power of the
balloon and the fire underneath. The hot-air balloonist's
risks may have enhanced his perception, and have enabled
him to realize vividly that his own body was being lifted
through the agency of the heat from the fire.
The earliest estimate of the mechanical equivalent of heat
was given by Sadi Carnot. As he died in 1832 it must have
been made before that year, but it remained unpublished
until 1878. He left no explanation of his method of calcula-
tion. His figure is equivalent to 370, compared with the
correct figure of 427. Besides this, there are indications in
his posthumous papers that he had discovered the Second
Law of Thermodynamics. These achievements have
prompted Larmor to suggest that Carnot was the most
brilliant physical scientist of the nineteenth century. He
died of cliolera at the age of thirty-six, without the oppor-
tunity of completing his researches and adding to his
wonderful invention of the theory of reversible cycles.
The influence of the steam-engine on Carnot and Sdguin
is clear. The other estimate of the mechanical equivalent of
heat that preceded Joule's was made by J. R. Mayer, and
was inspired by a remarkably different aspect of natural
phenomena, Mayer was the son of an apothecary in Heil-
bronn. His father had the usual physical and chemical
apparatus of his profession, a natural history collection and
many books. This was a sympathetic environment for
Mayer's genius. His father naturally educated him for
a higher position in his own profession, and sent him to
Tubingen to study medicine. He did not find the university
courses in physics and chemistry inspiring. After finishing
the course he completed his medical training by visiting
hospitals in Munich, Vienna and Paris.
His first independent appointment was as doctor on a

